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A possible sustainability transition in developing Asia needs to complement the 
ongoing transition from an agrarian to an industrial socio-ecological regime. As is 
known from other world regions, an agrarian-industrial transition involves a major 
increase in material and energy flows (corresponding to a 2-4 fold increase in the 
demand for raw materials and energy). The socio-metabolic profile of the South-East 
Asian region still shows relatively low material and energy consumption per capita, 
suggesting that major growth may follow. Infrastructures that are closely bound-up in 
bulk material flows (transport, energy and food sectors) will be critical to future 
developments. The paper illustrates the challenge and potential solutions from a 
number of case studies. 
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INTRODUCTION 
We employ the concept of socio-ecological regime transition (Fischer-Kowalski and 
Haberl, 2007; Krausmann, Schandl et al., 2007) and the notion of metabolic profile 
for the analysis of historic and current industrial transformation. We start by 
introducing the concept of socio-ecological regimes and by describing the typical 
characteristics of the agricultural and the industrial regime and their inherent 
sustainability challenges based on historical data and cases.  We thereby focus on 
the transition from the agrarian regime into the industrial regime, changes in the 
society-nature interrelation and the related growth in physical flows of energy and 
matter. 
We apply the framework to the current industrial transformation in developing 
Asian economies and focus the analysis on the energy transition, agricultural 
modernization and urbanization and the role of trade.  In doing so, we understand 
developing Asian economies as agrarian regimes but depict first signs of the 
emergence of the new industrial regime.  The current regime transition is different 
from the historic industrial transformation insofar as it is situated in a global industrial 
context where resources are already scarce and the dynamics of the transition are 
driven from internal and external forces.  Another significant difference of the Asian 
industrial transformation is that it starts when population density is already very high, 
such as is the case in China and India.  Therefore, the cumulative biophysical effects 
of the transition are unprecedented in world history and once the transition has 
succeeded the level of resource use and related emissions and environmental 
impacts at a global scale would be enormous.  Assuming a convergence between 
resource use patterns in today’s industrial economies and India and China could for 
instance triple world energy use until 2050.  Socio-metabolic Transitions in Developing Asia 
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We discuss two different scenarios for the development of Asia for low and 
high energy prices. Both scenarios do not offer a desirable future. We close by 
outlining possibilities for systems innovation and a sustainability transition in 
developing Asia which would have to be achieved while the fundamental forces of 
the ‘old’ industrial transformation are still operating powerfully. 
THE CONCEPT OF SOCIO-ECOLOGICAL REGIMES 
The term socio-ecological regime designates a specific set of rules that regulate the 
operation of social systems and its institutions, the corresponding bio-physical 
properties of the social system and the related patterns of society-nature interactions. 
Socio-ecological regimes can be regarded as dynamic equilibriums that are 
integrated across scales and allow for certain change and growth processes and 
feature specific environmental impacts.  They are characterized by certain 
institutional arrangements, demographic features, and spatial patterns of land use 
and of socio-economic organisation, infrastructure networks and technology clusters.  
A socio-ecological regime shows a distinct structure and level of material and energy 
use (metabolic profile) and typical patterns of use of human time and labour (time 
allocation profile). 
In developing their approach to systems innovation and transitions Geels, 
Rotmans and others (Rip and Kemp, 1998; Martens and Rotmans, 2002; Geels, 
2004) focus on four phases in a transition process and three levels of scale involved. 
They distinguish the macro level at which the dynamics of the social landscape is 
shaped, the meso level at which regimes are formed and the micro level at which 
variations to the status quo emerge.  The focus on the society-nature interface taken 
in this paper relates to the landscape level of transitions.  We start by conceptualizing 
the socio-ecological system as a coupled system consisting of a symbolic and a H.Schandl, M. Fischer-Kowalski, C. Grunbuhel and F.Krausmann 
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material realm (Fischer-Kowalski and Weisz, 2004) mediated by people and labour 
processes.  This brings together social systems analysis, cultural analysis, 
demography and the natural environment.  Using these system components and 
taking a macro perspective we analyze social transitions and related changes in 
social metabolism but ignore lower levels of analysis.  While the scale of our analysis 
is different from the systems innovation perspective and therefore should be seen as 
complementary, we share the understanding of the role of time and phases in a 
transition process. 
The development and transition of socio-ecological regimes is not a 
continuous process.  If a critical set of characteristics of a socio-ecological regime 
begin to transcend the range of possible dynamics of a regime, a transition process 
is released which may lead to a qualitatively different regime with distinct properties 
and dynamics, or eventually collapse may occur (Tainter, 1988; Diamond, 2005).   
The respective socio-economic energy system and the associated technology 
complex are of crucial significance for the distinction of different socio-ecological 
regimes (Sieferle, Krausmann et al., 2006).  From a global history perspective at 
least three major socio-ecological regimes can be distinguished (Sieferle, 1997): a 
hunter and gatherer regime based on an uncontrolled solar energy system, agrarian 
societies with a controlled solar energy system and industrial societies with an 
energy system based on the exploitation of large stocks of fossil fuels.  The regime 
character of industrial society is, however, debatable, as it’s reliance on an 
exhaustible resource does not allow for long term existence (Sieferle, 1997; De Vries 
and Goudsblom, 2002). 
Socio-ecological regimes can be characterized by a specific metabolic profile 
that is a certain structure and level of energy and materials use secured by certain Socio-metabolic Transitions in Developing Asia 
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infrastructures and a range of technologies governed by certain political structures, 
institutions and social arrangements.  Furthermore, a regime is based on a certain 
pattern of demographic reproduction, human life time and labour structure and a 
certain pattern of environmental impact: land-use, resource exploitation, pollution and 
impact on the biological evolution.  A regime is constituted on key regulatory positive 
and negative feedbacks between the socio-economic system and its natural 
environment that mould and constrain the reproduction of the socio-ecological 
regime. 
We distinguish changes that take place within a regime and transitions 
between regimes.  Within regimes gradualism and path dependency prevails. The 
whole system moves along a path ‘maturing’ in a certain direction often towards a 
high level equilibrium trap (Boserup, 1965; Sieferle, 2003).  The path taken can either 
be interrupted from an outside influence (social, economic or environmental) or the 
system might eventually implode or collapse and can possibly fall back to an earlier 
stage of the same path (Diamond, 2005).  Under certain circumstances, a set of 
particular (contingent) conditions might initiate a transition into another Socio-
ecological regime.  Such a transition can be turbulent and chaotic and it is usually 
irreversible.  If a major transition occurs, there is no predetermined outcome or 
directionality.  
For our purpose to analyse pathways of developing Asian societies we will 
mainly be concerned with describing two regimes in greater detail, namely the 
agrarian and the industrial socio-ecological regime and the industrial transition.  By 
transition, we understand a continuous process of social change where structure of a 
society and the related environmental relations this society has established 
transform.  A transition is no fixed pattern or a blueprint, it is not uniform and not H.Schandl, M. Fischer-Kowalski, C. Grunbuhel and F.Krausmann 
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deterministic (Martens and Rotmans, 2002).  We will first describe the agrarian socio-
ecological regime and then focus on its transition into the industrial pattern. 
Agricultural societies, from the outset, develop very different social structures, 
institutions and cultural specifics.  How different agrarian societies might look like, 
they all share fundamental similarities with regard to their biophysical characteristics 
and constraints resulting from their specific form of society-nature interaction.  As a 
principal, they are fuelled by a solar based energy system and their main resource 
base is biomass.  As a result, infrastructures are decentralized and the key 
technology is the use of land in agriculture.  The society invests the labour of a 
majority of its members to manage terrestrial ecosystems in order to increase the 
output of useful biomass and energy.  95% of primary energy supply comes from 
biomass and there is only a limited technical ability to convert different types of 
energy and therefore the provision of certain types of energy is bound to certain 
types of land uses.  
The provision of heat for cooking and for some industrial uses relies on 
firewood, charcoal and the availability of woodlands, nutrition relies on cropland and 
the supply of draft power, meat and diary products on grassland.  Timber is also used 
as a structural material for building houses, making furniture and the goods of daily 
life.  In so far, a certain energy mix relies on a corresponding mix of land uses and 
most of the available energy comes from the land.  Water and wind power add to the 
energy supply although the amounts are usually negligible and only of regional 
importance (Smil, 1991; Sieferle, 2001).  
THE AGRARIAN SOCIO-ECOLOGICAL 
In the agrarian socio-ecological regime, the availability of land in combination with 
area productivity and the efficiency of biomass conversion determine the amount of Socio-metabolic Transitions in Developing Asia 
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available primary energy.  The land use system and its limited potentials to supply 
certain types and amounts of primary energy, therefore, constitute a major bottleneck 
for biophysical growth.  Clearly, there is a large scope of variation of energy 
availability, depending on the specific natural conditions, the type of land use system, 
available technology and the role of human and animal labour.  Esther Boserup 
(1965) has shown that specific types of land use are related to different levels of 
population density and that population growth under agrarian conditions inevitably 
leads to the development of more intensive land use systems.  When population 
grows, area extensive land use systems such as shifting cultivation are gradually 
replaced by labour intensive cropping systems with shorter rotation periods and 
elaborate crop rotation systems evolve allowing to feed more people from one unit of 
land. By investing additional labour, the amount of land required is reduced while the 
output of crops per land area is increased.  Physical growth under the agrarian 
regime (and hence the differentiation of subtypes of the agrarian regime) is therefore 
closely related to population growth, to increases in labour intensity and in a higher 
efficiency of the use of land and biomass.  In general, growth means more people at 
a constant or reduced per capita harvest of biomass.  Nevertheless, it is obvious that 
a controlled solar energy system sustains itself within narrow limits for increases in 
available energy and consequently creates limits for biophysical and economic 
growth (Wrigley, 1988). 
What determines the energetic limits of agrarian societies, and where are they 
located?  Pre-industrial land use systems are low input systems and external energy 
or nutrient subsidies are practically absent.  Agriculture, with respect to energy and 
plant nutrients, relies more or less exclusively on natural cycles and local socio-
economic resources.  This entails a complex optimisation of the use of locally H.Schandl, M. Fischer-Kowalski, C. Grunbuhel and F.Krausmann 
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available resources, the need to combine strategies such as the rotation of land use, 
nutrient transfers between different land cover types, the closing of internal loops, a 
minimization of losses and ultimately a dependence on natural flows for nutrient 
replacement (Grigg, 1982; Grigg, 1992; Loomis and Connor, 1992).  As a 
consequence, agricultural production systems are integrated at a local, namely 
household/farm or village level and characterized by a small scale mix of different 
land use types and multiple uses of land.  In a temperate climate, livestock plays a 
crucial role in integrating and optimising land-use locally.  Farm animals provide the 
required traction, allow for active fertilizer management, supply additional food and 
raw materials and add value to non-edible crop residues, food wastes and land not 
suitable for cropping (Krausmann, 2004). 
Similarly, in Asia the shift to permanent farming has always involved farm 
animals.  The intensification from shifting cultivation using manual planting methods 
to permanent farming using the plow requires the breeding of suitable animals.  In 
East and Southeast Asia, societies have primarily used the buffalo.  South Asia has 
applied cattle and parts of Central Asia and Mesopotamia have used camels.  In 
addition, the pronounced dry/wet season cycle has led to converting agricultural land 
to pastures during the slack period.  Other uses of livestock included transportation of 
loads on animal-pulled carts and saving wealth by rearing livestock. 
A land use system optimised in such a way helps to maintain soil fertility and 
yields and to obtain a certain level of agricultural surplus. It satisfies the necessary 
condition that land has to be cultivated to achieve a positive energy return.  This 
positive energetic return upon investment is an essential feature of agriculture in any 
agrarian socio-ecological regime (Simmons, 1989; Pimentel and Pimentel, 1996). Socio-metabolic Transitions in Developing Asia 
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Under agrarian conditions energy production per unit of land varies and can 
be enhanced by agricultural modernization strategies within the regime, but ultimately 
can not exceed a certain maximum.  Assuming a mix of land use types including a 
certain share of low productivity land and land not available for biomass production, 
we estimate advanced agricultural land use systems under temperate climatic 
conditions to yield up to 20-40 GJ/ha on a broad average in the long run (Sieferle, 
Krausmann et al., 2006; Krausmann, Schandl et al., 2007).  In tropical regions 
allowing for more than one harvest per year this threshold may be somewhat higher. 
The per capita level of primary use energy (i.e. of biomass turnover) in 
advanced agrarian regimes is largely determined by the relative significance of 
livestock.  The more livestock per capita, the higher the level of primary energy use 
per capita.  The highest level of primary energy consumption per capita, therefore, 
occurs where area intensive herding is linked to very low population density and low 
primary energy consumption per unit of area.  In contrast, domestic energy 
consumption per capita is lowest in labour intensive horticultural production systems 
with vegetable based diets.  Such farming systems result in high population density 
and high biomass turnover per unit of area (Krausmann, Schandl et al., 2007). 
Historical case studies have shown that a typical per capita demand of primary 
energy of advanced European agrarian regimes with high significance of livestock at 
0.5-1 large animal units (LAU) per capita ranges between 40-70 GJ (see Table 2).  
This amount of biomass availability allows for a maximum population density of 50 
people per square kilometre.  For comparison, South-East Asian agrarian regimes 
based on labour intensive rice farming (less than 0.1 LAU/cap) appear to have a 
much lower level of energy use per capita (10-20 GJ per person) because of a land 
use system primarily based on human rather than animal labour, a vegetable based H.Schandl, M. Fischer-Kowalski, C. Grunbuhel and F.Krausmann 
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diet, and a low demand for heat in a warm climate which, as a result, can sustain a 
significantly higher population density of more than 100 people per km² (Boserup, 
1965; Netting, 1993).  Contrary, in agrarian regimes based on pastoralism and high 
livestock numbers (5-10 LAU/cap) biomass use may reach several hundred GJ per 
capita while population density is very low at less than 1 person per km².  
The inherent limitations of the biomass-based energy system, namely low 
energy density, lack of conversion technologies, reliance on animal power and high 
energy costs of transport shape the patterns of material use.  Biomass is the most 
important raw material and is not only used as food for humans, feed for animals and 
as firewood, but also for construction purposes, manufacturing of clothes, and for 
tools and furniture.  Except for biomass, all materials are used at rather low 
quantities, both in terms of volumes per capita and per area.  Our reconstructions of 
the historical metabolism of agrarian Austria and the United Kingdom show that the 
yearly consumption of all materials ranged between 5 and 6 tonnes per person of 
which biomass accounted for 80-90%.  The most important non renewable materials 
used, in terms of mass, were stones and clay for construction, marl and other 
minerals to enhance soil fertility and comparatively small quantities of iron and 
copper and other metal ores for tools. 
The impact of the agrarian socio-ecological regime on demographic and 
spatial patterns is evident.  Agricultural surplus is limited and the large majority of the 
people live on and from the land.  Spatial differentiation and urban concentration is 
further confined by high energy cost of land transport that permit the transport of 
energy carriers and bulk materials only across comparatively short distances 
(Boserup, 1981; Fischer-Kowalski, Krausmann et al., 2004). Socio-metabolic Transitions in Developing Asia 
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Agrarian regimes induce significant alterations of the natural environment, 
changing the composition of vegetation and animal species as well as the properties 
of soils and water-cycles and create a great variety of new ecosystems.  Based 
primarily on the use of renewable resources, agrarian regimes create a strong 
requirement for ecological sustainability (Netting, 1993; Mueller-Herold and Sieferle, 
1998).  However, there is no guarantee against severe fluctuations and sustainability 
crises or even collapse.  Growth can only be achieved within certain limits and is 
based on efficiency increases and the optimisation of land use.  Usually, such 
efficiency gains bring the whole system closer to a threshold.  There tends to be a 
positive feedback between biophysical growth and population growth.  Agrarian 
societies show an overall tendency to increase land use efficiency (output per unit 
area) at the expense of labour productivity.  
Under the conditions of growth, the material/energy output per capita reaches 
a limit or even starts to decline.  Thus, in general, agrarian societies face 
sustainability problems related to the availability of resource inputs, the long-term 
maintenance of soil fertility and the balance between food supply and population 
growth.  Mismatches or fluctuations due to climatic conditions easily result in 
demographic crises (epidemics or wars) destabilizing the labour intensive land use 
systems.  Pollution problems occur only locally at mining sites or in urban 
agglomerations (Sieferle, 2003). 
TABLE 1 ABOUT HERE 
THE INDUSTRIAL SOCIO-ECOLOGICAL REGIME  
Industrialization is a transition process responding to the growth related sustainability 
problems of the agrarian-socio metabolic regime.  Social and technological change 
based on the use of a new type of energy carrier, namely fossil fuels, gradually H.Schandl, M. Fischer-Kowalski, C. Grunbuhel and F.Krausmann 
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extends the inherent growth limits by abrogating negative feedbacks operative in the 
agrarian regime (Sieferle, Krausmann et al., 2006).  This triggers a transition that 
ultimately transforms most features of society.  Gradually the problem of energy 
scarcity and the concomitant environmental burdens (such as overuse of land and 
deforestation) become, to a certain extent at least, resolved.  But not surprisingly, the 
industrial socio-ecological regime creates new types of sustainability problems.   
Historically, such a transition process was experienced for the first time in England 
supported by a unique combination of institutional change, population growth, 
improvements of land use practices and the increasing use of coal.  In an initial 
phase, coal provided a new source of fuel for limited use in urban households and to 
power some industrial processes (Wrigley, 1988).  The energy transition was 
accelerated through the emergence of the steam engine-iron ore-railroad technology 
complex (Ayres, 1990; Gruebler, 1988). However, throughout the nineteenth century 
and until the mid twentieth century, fossil fuel powered urban/industrial centres co-
existed with a rural matrix.  The agrarian periphery perpetuated the conditions of the 
agrarian regime over many decades (Krausmann, Fischer-Kowalski et al., in print). 
Coal based industrialization, that triggered the new industrial socio-ecological 
regime was characterized by a strong linkage between industrial production and a 
growing demand for human and animal labour, and population growth.  This 
industrial and coal related population growth had to rely on the supply of nutrition 
from a largely pre-industrial agriculture (Krausmann, Schandl et al., 2007).  In the 
United Kingdom, as well as in most of Europe, a mature state of the fossil fuel based 
energy system was only achieved after the 1950s when oil and electricity and the 
internal combustion engine replaced the older coal based technologies and led to a 
gradual decoupling of industrial production and human labour, and the Socio-metabolic Transitions in Developing Asia 
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industrialization of agriculture.  Fossil fuel based energy subsidies for agriculture 
(fuels, fertilizers etc) removed the last limitation to increased biomass production and 
allowed for a tremendous increase in area and labour productivity in agriculture, at 
the expense of the positive energy return on investment agriculture initially had.   
Agriculture changed from a low input system to a throughput system with high 
outputs. 
The availability of an area independent source of energy and the fossil fuel 
powered transformation of agriculture from an energy providing activity to a sink of 
useful energy were the two main factors that allowed for an almost complete 
decoupling of energy provision from land use and the control of territory.  At the same 
time, the exploitation of large stocks of fossil fuels of high energy density by new 
technologies (internal combustion engine, electric engine) to convert primary energy 
into useful work entailed novel biophysical patterns of production and consumption, 
far reaching structural change, a certain world wide uniformity in social forms and 
institutions and a surge in material and energy use per capita (Gruebler, 1988; 
McNeill, 2000). 
Similar to the agrarian regime, we find characteristic phases and development 
pathways within the industrial regime.  While in its initial stages, there is a strong 
need for human (non-agricultural) labour and a move of people and labour out of 
agriculture into urban-industrial centres, in later phases much of human labour in 
production processes is substituted by mechanized (and finally computerized) work.  
With the final incorporation of agriculture into the industrial regime, and a shift of 
employment to service sector activities, as well as an outsourcing of labour, and of 
resource and emission intensive activities to the periphery, a certain stagnation of 
energy and materials use, that had so rapidly been increasing in the earlier phases of H.Schandl, M. Fischer-Kowalski, C. Grunbuhel and F.Krausmann 
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the transition process, takes place (Haberl, Weisz et al., 2006; Weisz, Krausmann et 
al., 2006).  The diagnosis is complicated by the fact, though, that today the industrial 
transition has gained an unprecedented momentum worldwide, and what can be 
observed in the “mature” industrial core countries inherently depends on processes in 
all other regions of the world, regions that dwell at another stage of this transition 
process or may eventually take a different pathway. 
Even if “mature” industrial economies have left behind the strong momentum 
of biophysical growth, a high level of energetic and material use is maintained.   
Table 2 gives an overview of the metabolic profile of today’s industrial economies.  
Material and energy use per capita exceeds the values typical for advanced agrarian 
regimes by a factor 3-5.  At the same time, a surge in agricultural output permits 
population densities of a factor of 10 larger than in most agricultural societies.  As a 
result, the material and energy use per unit of area has multiplied by a factor 10-30.  
The share of biomass in total primary energy and materials supply drops to 10-30% 
while the use of biomass increases.  The absolute amount of biomass used in the 
industrial regime is higher than ever before.  Due to tremendous increases in 
agricultural labour productivity, industrial regimes are characterized by a very low 
level of agricultural population (often less than 5%).  The share of urban population is 
high and low transport costs support large scale spatial differentiation and 
concentration, and far-distance transfers of huge amounts of all types of bulk 
materials and energy carriers. 
A number of structural characteristics of industrial socio-ecological regimes 
contribute to the high level and the typical pattern of material and energy demand of 
industrial societies.  Among the most important factors are material and energy 
intensive industrial production systems (including agriculture); the installation, Socio-metabolic Transitions in Developing Asia 
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operation and maintenance of large infrastructures (eg. roads and supply networks) 
and physical stocks (eg. buildings, capital goods and cars), the high level of mobility 
of goods and people in a spatially highly differentiated economy and a high material 
standard of living (the widespread use of eg. central heating/air conditioning, 
electrical household appliances, dietary patterns or tourism activities). 
The two regimes show very different characteristics with regard to the 
possibility of mobility and transport.  Mobility in agricultural societies is often very 
limited and bulk materials can only be transported over short distances and are 
confined by the high energy costs of transport.  The industrial pattern abolishes the 
transport limit and allows for unlimited mobility of people and mass transport of most 
goods to a very low price.  This change enforces greater interaction between different 
cultures and society’s and contributes to a process of homogenisation.  While 
agrarian societies show observable differences if you only travel a few kilometres, 
from one valley to the next, the industrial pattern looks very much the same wherever 
it occurs.  It is hard to make a distinction between a shopping mall and a gasoline 
station in the United States, Thailand or Europe.  
The possibility of unlimited transport also allows for a fast integration of very 
different areas into local and regional markets and finally one world market.  The 
agrarian economy is characterized by a low mobility of goods.  Smallholders produce 
most of their daily goods within their household economy and they have a limited 
interaction on local markets where they sell their surplus.  The industrial system is 
based on a market economy which increasingly permeates into all live spheres and 
to all geographical locations.  When markets have become omnipresent older forms 
of social and economic interaction such as barter trade and reciprocity are outdated.  H.Schandl, M. Fischer-Kowalski, C. Grunbuhel and F.Krausmann 
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With regard to social organisation, the move from the agrarian to the industrial 
regime allows for a new pattern of social organisation enabling more flexibility and 
allowing dealing with higher complexity in the environment by increasing social 
complexity itself (Luhmann, 1997).  Agrarian societies are usually based on 
hierarchical differentiation and segmentation and are organised in family or kinship 
groups.  Each member of the society has its distinct place, there is limited social 
mobility and a certain social position antedates the range of opportunities you will 
have in any situation.  
The industrial socio-ecological regime develops hand in hand with a new form 
of social structuring, namely functional differentiation, which in principal allows each 
member of a society to play very different roles and to take up different positions and 
responsibilities in different contexts.  There is a higher degree of social mobility and a 
much higher differentiation of functions between different social sub-systems such as 
the economy, politics, law, education, and science.  While functional differentiation 
increases the ability to resonate to higher complexity experienced from the 
environment, at the same time internal interdependencies increase.  This is the 
flipside of the evolutionary achievement of functional differentiation and the self-
reference and self-reproducing process (autopoiesis) of major social sub-systems 
that it decreases the potential of social self observation (Luhmann, 1995).  This is 
increasingly a problem for the organisation of the society-nature interface and the 
management of industrial metabolism because in modern societies there is no social 
sub-system mainly concerned with this important and inevitable function. 
The demographic dynamics of agricultural societies are unstable, prone to 
high fluctuations triggered by crop failures, epidemics and social and environmental 
disasters. In good times population grows but there is a limit with regard to the Socio-metabolic Transitions in Developing Asia 
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availability of food produced.  These limits can be pushed outwards considerably but 
finally, the capacity to innovate and to increase the productivity within the boundaries 
of the agricultural socio-ecological regime, are limited.  A high proportion of available 
labour is invested in agriculture and devoted to the provision of energy, mostly in the 
form of nutrition.  The material standard of living and life expectancy are in general 
low and only a small number of people enjoy a high level of personal consumption of 
goods and services at the expense of a vast number of equally less wealthy masses. 
The historical industrial transition involved a major increase in the demand for 
raw materials and energy.  Industrial societies operate at a high level of resource use 
enabling a great number of people to enjoy a high material standard of living to 
support a longer and wealthier life.  Because such growth and consumption cannot 
easily be accommodated in a finite physical world new ways of social organisation 
based on less aggressive resource use patterns are sought for.  This is addressed by 
the idea of a sustainability transition, whereby natural resources would be used in a 
more effective and efficient way and quality of life would depend on a less wasteful 
metabolic pattern.  A sustainability transition would require fundamental changes in 
the domains describe above and would have to organise production and 
consumption in new ways overcoming the metabolic consequences of industrial 
production and lifestyle. 
Globally speaking, this is an inadequate representation of the problem 
because about two thirds of the world’s population are at various stages of achieving 
a transition towards acquiring exactly this industrial lifestyle.  These economies are 
in-midst the old industrial transition which happens now in a very different context. 
There are no vast areas of land to be conquered any more, and no abundance of 
cheap fossil energy reserves, and the seemingly unlimited absorptive capacity for H.Schandl, M. Fischer-Kowalski, C. Grunbuhel and F.Krausmann 
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wastes and emissions has been found to have a limit and been proved false.  In the 
next section we will show where the economies of developing Asia are with regard to 
the industrial transition and will explore the social and metabolic changes that will be 
involved (Fischer-Kowalski and Krausmann, 2007). 
TABLE 2 ABOUT HERE 
THE INDUSTRIAL TRANSITION IN DEVELOPING ASIA  
We will now focus on the ongoing industrial transition in developing Asian economies 
and in particular analyse the ongoing energy transition, the changes that take place 
within agriculture and the role of trade to understand how developing Asian 
economies perform on world markets. 
Around 1750, when industrialization began to accelerate in some European 
regions, Asian countries such as China and India were among the most advanced 
countries in terms of their scientific, economic and institutional development.  There 
is a huge social-science literature discussing why Europe initiated an industrial 
transition and not China (Pomeranz, 2000).  Asia’s leading position in the world 
economy lasted until the early nineteenth century, when Asia still had a share of 
world GDP of more than 50% (Maddison, 2003).  Most of total economic 
performance in Asia, however, was based on a large agricultural labour force and 
comparably high population density resulting in an agricultural development path 
focusing on crop yields at the cost of labour productivity (Boserup, 1965).  When the 
new industrial socio-ecological regime had gained ground in Europe Asia lost its 
advantageous position very quickly and the history of Asian countries in the 
nineteenth and twentieth century was determined by European dominance and wars 
(India, Southeast Asia) or signified by a closing up strategy (China).  The late 
industrial development of Asia happened in a context of large populations, a great Socio-metabolic Transitions in Developing Asia 
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importance of agriculture and under the hegemony of a few cities which often had 
established closer links to the outside world than to their agricultural hinterlands 
(Ginsburg, 1955; Aval, 1992; Glassmann and Sneddon, 2003) resulting in an uneven 
distribution of income and standards of living among the Asian people. 
This was a consequence of European colonialism that used the hinterlands to 
exploit resources and built cities around important harbours.  Until after WWII 
resources were siphoned off to industries in Europe while Southeast Asian farmers 
were forcefully kept at the subsistence level and the development of industries 
prevented by colonial monopolies.  This holds true even for Thailand, although 
nominally an independent country, it was forced to share its natural resources with 
Great Britain. 
Nonetheless, the developing economies of Asia and Southeast Asia have 
gone through a phase of impressive economic development during the last decade.  
Thailand achieved exceptionally high growth rates of around 10% yearly GDP growth 
before the Asian crisis in 1997 (Hussey, 1993) and is back on the growth path again 
after significant restructuring of the banking and corporate sectors (Charoenseang 
and Manakit, 2002).  Also China and India have experienced yearly growth rates of 
around 6-7% during the last decade (ADB, 2007).  The movement of labour force out 
of agriculture is similarly impressive and fast structural change is observable in nearly 
all developing Asian economies.  Agriculture lost grounds in its relative contribution to 
GDP and employment.  As Tables 3 and 4 show, agricultural contribution to GDP in 
China declined from initially 27% to 12.5% and labour force in agriculture dropped 
from 60% to 49% of total employment within only 15 years between 1990 and 2005.  
Trends of a similar magnitude are to be found for all other developing Asian countries 
(ADB, 2007).  A comparison with countries such as Malaysia and Taipei China shows H.Schandl, M. Fischer-Kowalski, C. Grunbuhel and F.Krausmann 
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that this transition is actually not a new thing in this part of the world, but is a post 
1950 phenomenon. 
TABLE 3 ABOUT HERE 
TABLE 4 ABOUT HERE 
The absorption of the traditional sector into the market economy and the move 
of people into the formal economy are currently contributing most to the growth now 
being experienced (Wallerstein, 2000).  Despite fast structural change, agricultural 
activities are still a dominant feature of developing Asian economies contributing 
between 10-20% of GDP and between 40-80% of labour and employment.   
Depending on the region, a considerable number of peasants work just for their 
subsistence or in semi-subsistence, selling their surplus at the end of the year before 
the next harvest comes in.  The reservoir of people operating in the traditional 
economy is large and around 400 million people in India, China and Indonesia are 
making a living from agriculture.  Due to the speed of change, the market economy 
has profited from new labourers and consumers leaving the agricultural sector at high 
rates.  Agriculture in India and China has lost one third of its labourers during the last 
15 years when about 200 million people have been moving into urban environments 
and industrial or service sector jobs. 
Urbanisation in Asia is proceeding at a scale and speed that is unprecedented 
in human history creating huge challenges on how to provide nutrition, 
accommodation and employment options for an estimated 1.1 billion people 
projected to be added to Asia’s cities within the next 25 years.  Because governance 
structures are weak, the environmental conditions in many Asian cities are appalling 
and it seems almost impossible to reduce the shortfalls in existing infrastructure and Socio-metabolic Transitions in Developing Asia 
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services.  In 2005, 40% of all Chinese and about 30% of all Indian people lived in 
cities, about 850 thousand people, and that is likely to increase to 1.4 billion urban 
dwellers in China and India alone by 2030 (Roberts and Kanaley, 2006).  85% of 
China’s and 80% of India’s gross domestic product are produced in cities contributing 
to an increasing disparity of income and the material standard of living of people.  
Also, the development of a large urban middle class changes consumption patterns 
tremendously and contributes to increases in resource use and environmental 
impacts from local production and consumption. 
Despite this clear trend out of agricultural activities and the move of large 
numbers of people to urban centres in Asian developing countries, agriculture is still 
the provider of the means of subsistence for both urban and rural populations.  This 
is fundamental to our argument that developing Asian economies, with regard to their 
socio-ecological regime and metabolic profile, are still very close to an agrarian 
metabolic pattern and have only recently started to transcend from the agrarian into 
the industrial socio-ecological regime.  One way of proving this is to compare the 
sources of energy to assess which part of primary energy is based on biomass and 
the use of land and which part comes from fossil energy sources.  To do this, we 
calculated the per capita energy supplied by agriculture and forestry in the form of 
crops and timber and compare these figures to the per capita supply from technical 
energy, including fossil fuels and primary electricity. 
Table 5 shows the per capita energy supply in all listed developing Asian 
economies in the year 2004 was below the world average and much lower than the 
OECD average.  If we compare per capita technical energy in developing Asian 
economies to OECD levels and even a world average, we again find comparably low 
values for Asian economies.  The average per capita primary energy use in the H.Schandl, M. Fischer-Kowalski, C. Grunbuhel and F.Krausmann 
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OECD in the year 2004 was about 200 MJ per person, three times as much as the 
world average of around 75 MJ per person.  None of the developing Asian 
economies we are studying have even caught up with world averages, although 
Thailand and China appear to be much closer than countries such as India, Vietnam 
or the Philippines. 
TABLE 5 ABOUT HERE 
This suggests, that energy supply in developing Asian economies to a large 
extent depends on traditional energy sources based on crops and wood and indeed, 
in countries such as India, the Philippines and Vietnam around half of the total 
energy relates to biomass and land use. China and Thailand have already moved 
ahead in the energy transition and technical energy has replaced biomass as the 
main source of energy and the share of biomass in energy supply went down to one 
third of total energy supply.  Despite the relative importance of biomass in developing 
Asian economies in per capita terms, they are also below the world average for 
energy from biomass and certainly behind the OECD.  While OECD countries utilize 
around 60 GJ per capita of energy from biomass resulting in a 23% contribution of 
biomass to total energy supply, developing Asian economies make use of biomass 
energy at between 20-30 GJ per capita and year.  The comparably low level of per 
capita energy from biomass is explained by the high population density and the 
restricted availability of agricultural land and by lower yields when compared to the 
OECD average, where much higher yields are achieved because of the input of large 
amounts of fossil fuels. 
Higher per-capita availability of energy is positively correlated with all major 
quality of life indicators including GDP, life expectancy, child mortality, education, Socio-metabolic Transitions in Developing Asia 
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access to safe water and car ownership to name a few (Smil, 2003).
3  It seems, that 
in order to improve the material standards of living in developing Asian economies 
the amount of available energy has to be increased considerably, which might be 
difficult to achieve in a situation, where the local resource base is already tight.   
Developing Asian economies, with the exception of Indonesia and Laos, show 
highest values for per area energy use at between 100-150 GJ per hectare of land, 
twice as high as the world average and also higher than in OECD countries, making 
further inroads into the local resource base a difficult task to achieve. T he low values 
for Indonesia reflect the population densities in different parts of this country where 
parts of Sumatra and Kalimantan have comparably low population densities.
4 
Table 6 shows that the pattern of high energy availability in industrial countries 
and very low levels of energy in developing Asian economies reappears if we look at 
energy availability in the production of goods and services expressed in terms of 
technical energy used per worker.  In the OECD in 2004, around 300 GJ of technical 
energy were used per worker, close to four times the world average of around 80 GJ 
per worker.  Industrial and manufacturing activities in developing Asian economies 
have to make do with less energy than the world average resulting in a labour 
intensive situation in combination with a less developed production infrastructure. 
The availability of energy in the production sectors for goods and services coincides 
with the added value generated per capita and per worker.  
TABLE 6 ABOUT HERE 
                                                 
3   It should be noted, however, that quality-of-life indicators relate to average per capita energy use in 
a non-linear manner, with clear inflections at between 40-70 GJ/capita, with diminishing returns 
afterwards and little additional gains at average consumption above 110 GJ/capita [48]. 
4   Especially in large and diverse countries such as India, China and Indonesia the country by country 
comparison hides the contrasts and core-periphery relations within the countries. H.Schandl, M. Fischer-Kowalski, C. Grunbuhel and F.Krausmann 
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There is a high and significant correlation between the levels of energy used in 
economic activities and the level of GDP produced (Cleveland, Costanza et al., 1984; 
Ayres and Warr, 2004).  Because industrialized countries have a nearly tenfold 
higher energy throughput in the economy enabling significant higher labour 
productivity, they are able to achieve a much higher economic output per worker and 
per average person, which translates into a higher energy endowment of households 
and a higher material standard of living.  To gain a better understanding of these 
relationships and the relative disadvantage of developing Asian economies to supply 
their workplaces and businesses with energy we next look at the energy availability 
for different economic activities. 
We base this analysis on two sets of information, namely the amount of 
technical energy used per hour of work (MJ/h) for producing goods and services and 
the economic labour productivity, i.e. the average economic product per hour of 
labour ($/h) (Giampietro, 2003; Ramos-Martin, Giampietro et al., 2007).  We 
disaggregate this information in Table 7 by using a three sector model of the 
economy including agriculture, industry and the service sector.  
TABLE 7 ABOUT HERE 
The supply of capital goods and the supply of energy to workplaces in 
developing Asian economies is well bellow the world average.  Only Thailand 
achieves an energy intensity of labour, expressed in MJ per hour of work, of about 
half of the world average.  All the other developing Asian economies are still far 
behind.  When compared to OECD economies who supply 155 MJ per hour of work 
to their labourers, employees, even in Thailand, operate with less than 15% of that 
energy.  Because of a close relationship between energy availability and economic 
labour productivity, developing Asian economies are also far behind in this respect. Socio-metabolic Transitions in Developing Asia 
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While at OECD average, each hour of work contributed $35 to GDP and on the world 
average about $10 was gained per hour of work, Thailand’s workers, who are among 
the most productive in Asia, produced just $5 per hour of work.  
Most of the developing Asian countries are facing considerable population 
growth bringing more workers into the labour force year by year.  At the same time, 
agricultural labour force moves into industrial and service occupations.  An increasing 
number of workers in these sectors will demand additional energy in order to keep 
today’s standard of capitalization, which might be difficult to achieve for some of the 
developing Asian economies. 
The vital resources for establishing the industrial socio-ecological regime are 
fossil energy carriers.  In terms of the endowment with fossil energy carriers we find 
of course large deposits of coal in China, natural gas in India and crude oil in 
Indonesia.  Coal especially is used in increasing amounts in China to drive the 
growing industrial sector involved, among other material and energy intensive 
activities, in steel and cement production.  One third of the world’s current steel and 
cement production comes from China (United Nations, 2006) and the fast socio-
ecological regime transition in China already contributes to the second highest 
energy consumption and CO2 emissions world wide.  Only the US still uses more 
energy and emits more CO2 than China.  CO2 emissions from China might pass 
those from the United States as early as 2009 (IEA, 2006) if the speed of growth of 
China’s industries and rising material standards of living of China’s population are 
pursued. 
AGRICULTURAL MODERNIZATION IN DEVELOPING ASIAN ECONOMIES 
For most developing Asian countries, agriculture plays a vital role for providing a 
livelihood in rural areas.  It is true that agriculture has become less important in its H.Schandl, M. Fischer-Kowalski, C. Grunbuhel and F.Krausmann 
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contribution to GDP, but even today a large percentage of the population lives in rural 
areas and makes a living from agriculture.  
In the 1970s, the share of rural population was around 80% in all developing 
Asian economies and a similar share of employees and labourers were engaged in 
agricultural activities.  Only the Philippines and Indonesia showed a considerably 
lower share of people working in agriculture.  Three decades later, the picture has 
somewhat changed, but still the number of workers in agriculture is comparably high 
at 67% in China and Vietnam, 60% in India, 56% in Thailand and 48% in Indonesia 
(ADB, 2007).  In all these cases, the share of agricultural labour is higher than the 
World average and if compared to only 4% of workers engaged in agriculture in 
industrialized countries we can easily depict the possible future trend, if agriculture 
would be modernized and mechanized in the same way as it has been the case in 
Europe since the 1960s.  
Agriculture also makes an imprint on Asia’s rural landscapes especially in 
countries like India and China, where the agriculturally used area amounts to around 
55% of total area.  In India, agricultural land use is mostly related to arable land and 
cereals production while in China a large fraction of agricultural land is used for 
permanent pastures (FAO, 2007).
5  Also Thailand, Vietnam and the Philippines have 
large areas in arable production, mainly rice, and Thailand and Vietnam are also 
among the largest producers and exporters of rice world wide.  Thailand has 
consistently been the largest rice exporter between 1985 and 1998 with an average 
annual export of around 5 million tons of milled rice, i.e. of all world exports, and 
Vietnam has been the third largest exporter, followed by India and Pakistan (Dawe, 
2002). 
                                                 
5    Land use is also a function of geography. In the semi-arid and arid Northwest of China and the high 
altitude steppes there is little else people can do other than livestock production. Socio-metabolic Transitions in Developing Asia 
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In the past 30 years, all Asian developing countries look back to a period of 
success with regard to implementing agricultural improvements and the ability to 
significantly raise crop yields.  Agricultural modernization in developing countries is 
usually linked with the notion of a ‘green revolution’, spreading technologies such as 
pesticides, irrigation and synthetic nitrogen fertilizer, all of these technologies already 
well known and widely use in industrialized agriculture.  The main innovation related 
to the green revolution was the introduction of new strains of rice, wheat and maize 
generally referred to as high yielding varieties, and also genetically modified varieties 
(Kloppenburg, 1988; Parayil, 2002). 
The new varieties outperform traditional varieties if inputs of water, fertilizer 
and other inputs are available and contributed to large increases in crop yields and 
overall output.  Crop yields in the 1970s were between one and two tonnes per 
hectare. Two tonnes were achieved in China, Indonesia, Thailand and Vietnam but 
yields in India, Laos and the Philippines were much lower and closer to one tonne 
per hectare.  As a result of agricultural modernization, yields could be increased in all 
developing Asian countries and by the year 2000, especially China but also Vietnam 
and Indonesia, achieve impressively high plant productivity and related yields of an 
average of more than four tonnes per hectare.  In very productive areas, such as the 
lowlands of Vietnam, and in the case of multiple harvests, yields are around 8-12 
tonnes per hectare (Cassmann, 1999).  On average, beside improving production 
and raising overall output and improving food security the green revolution had major 
social and ecological impacts.  As a consequence, the industrialization of agriculture 
in developing Asian economies has been a controversial topic and has drawn intense 
praise but equally intense criticism (Das, 2000). H.Schandl, M. Fischer-Kowalski, C. Grunbuhel and F.Krausmann 
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Table 8 and Table 9 show the conditions under which agricultural production 
took place in developing Asian economies in the 1970s and how these conditions 
have change over the last three decades.  The amount of arable land cultivated by 
an average agricultural labourer has been impressively small at a little over one 
hectare per worker in the 1970s.  The world average of available arable land per 
worker was 5 times as high and in OECD countries the average was at around 33 
hectares per worker.  Mechanical traction was very rare and the plough was usually 
pulled by buffaloes or oxen, fertilizer inputs were among the lowest in the world and 
therefore yields were also comparably low.  The two tonnes produced per hectare in 
several countries were mainly a result of labour intensive production techniques on 
the rice fields and show the combined effect of lowland rice or wheat farming 
influenced by the introduction of the green revolution with related higher yields and 
very low yields in remote production areas based on smallholder subsistence farming 
activities, traditional varieties, low inputs and a combination of paddy and upland rice 
production in shifting cultivation.  
Most of the agriculture in Laos, in Vietnam’s highlands, in Northeast Thailand’s 
Isan province, on the Khorat Plateau, and in China’s remote provinces such as eg. 
Yunnan foiled the achievements of agricultural modernization in other more 
advantaged areas and are still today among the most traditional production systems 
(Devendra and Thomas, 2002).  While the average agricultural employee in the 
OECD in 1970 produced 10 tonnes of cereals per year, its Asian counterpart 
produced as little as 0.6 to 1.1 tonne per year.  The resulting production of cereals 
per capita was as low as 185kg in Indonesia and around 250kg per capita in China 
and Vietnam.  Only in Thailand a per capita cereals output of 440kg was achieved.  
Here, the planting technology should be taken into account.  Until today, no efficient Socio-metabolic Transitions in Developing Asia 
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mechanization has been developed for rice planting.  The major tasks still have to be 
performed by hand, particularly transplanting and harvesting.  Mechanization of rice 
planting, such as in the US, has led to lower yields per land area before the advent of 
GMO’s.  Thus, the comparison between OECD, which are mainly wheat planting 
economies, and developing Asia, which to a great extent grows rice, is difficult. 
TABLE 8 ABOUT HERE 
If we compare the 1970s to today, as is shown in Table 8 and 9, we see 
improvements in yields, in overall production of cereals and in what an average 
worker produces.  This has been possible because of a higher level of 
mechanization, which has been especially the case in Thailand, the Philippines and 
Vietnam, as well as much higher inputs of fertilizers.  Today, Vietnam’s and also 
China’s fertilizer input per hectare of arable land is among the highest world wide.  
What has not improved at all is the amount of land available per agricultural worker, 
where the average land available has actually been reduced during the last thirty 
years due to population pressure and related increases in rural population.  For most 
agricultural households, the available production area does not provide a sufficient 
means to achieve a living based solely on agriculture.  This leads to seasonal 
participation in other activities including the extraction and marketing of timber and 
NTF products as well as working in low paid service activities in the close by local 
urban centres.  The agricultural produce does often only provide for household 
consumption and only negligible amounts are sold on the market.  As a result, 
household incomes are low and smallholders are incapable of investing in their 
agricultural businesses.  This, in return, hinders modernization and even if 
investments would be made, the return would be small because of the absence of 
the main resource, suitable agricultural land.  Another obstacle for the availability of H.Schandl, M. Fischer-Kowalski, C. Grunbuhel and F.Krausmann 
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land is insecurities in land ownership, insufficient property rights and malfunctioning 
land allocation programmes. 
Whereas agricultural output per worker in the OECD is 4 times as high as it 
was in 1970 the increase in developing Asian agriculture has been much smaller and 
the overall achievement is not encouraging.  The returns from agriculture are still 
very low, especially in the remote areas and this creates a huge difference in 
household incomes and the distribution of wealth among rural peasants and urban 
dwellers.  In many developing Asian countries, the low potential to earn a decent 
income from agriculture contributes to migration to urban centres where families do 
not necessarily find the work they would like to take up because jobs are not 
available in sufficient numbers or people do not have the skill base to participate in 
the formal labour market.  Most often, families end up as urban poor, having traded 
off their food security for the hope of an increase in income, which did not come 
about. 
TABLE 9 ABOUT HERE 
The industrialization of agriculture is, however, of immense importance for the 
transformation of the energy system from a solar based to a fossil-fuel based 
metabolic regime.  It is a precondition for allowing people to leave agriculture and to 
take up urban/industrial occupations while still ensuring the necessary amounts of 
food to be produced by the agricultural sector
6.  Lacking this insight, many political 
mistakes have been made in the recent past.  In Thailand, for example, shifting 
cultivators do not own land titles and thus cannot develop their own land; in Vietnam, 
                                                 
6   Many areas experience processes of re-naturalization when large amounts of people leave the area 
and move to the cities and take up urban/industrial lifestyles. This is happening in several areas of 
China, where several areas are deserted and industrial agriculture never installed. Some countries 
then turn to become net rice importers, as is the case in Indonesia. Socio-metabolic Transitions in Developing Asia 
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shifting cultivation is practiced mainly by ethnic minorities who are discriminated 
against by the majority government.  They do not have access to good land and 
machinery.  In Laos, the national land allocation program is often not accepted by the 
local population because land access is simply limited without offering alternative 
solutions; some areas of China have experienced ‘revolutionary’ mechanization in 
the past, i.e. a sudden, non-evolutionary introduction of machinery, technology, and 
irrigation.  Often, these programs of mechanization have not taken hold in non-
industrial traditional farming societies.  Indonesia has primarily experienced problems 
due to large-scale transmigration programs, in which populations were not given the 
chance to adapt to their new areas of residence and novel farming systems. 
In early stages of the industrial transition in Europe signified by the 
introduction of coal in households and production activities population started to grow 
while agriculture remained within the limits of the solar based ancient regime 
resulting in a severe bottleneck for further growth (Krausmann, Schandl et al., 2007).  
The same rule applies to today’s transitioning economies: only if the agricultural 
sector is able to produce enough food supply for local populations at increased 
labour productivity will it be possible to achieve structural change and a decoupling of 
land and labour from the provision of energy. 
Some of the countries in developing Asia sell their agricultural produce at 
world markets contributing to the balance of payments despite high population 
growth and population density and the related demand of food.  Different from 
developing economies in Latin America, Asian developing economies usually do not 
export metal ores or fossil fuels.  This is due to either a general lack of mineral 
resources or own consumption needs.  This puts developing Asian economies in a H.Schandl, M. Fischer-Kowalski, C. Grunbuhel and F.Krausmann 
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very specific situation where incomes are mostly generated from labour intensive, 
low capital, manufacturing and increasingly service activities. 
Different from developing economies in Latin America who sell their natural 
resources to world markets, developing economies in Asia supply world markets with 
their cheap labour embedded in their products and services and often even in the 
form of migration of a well trained labour force.  Popular examples are Philippine 
nurses in Europe's hospitals; Indonesian and Philippine housemaids in the Middle 
East; labour intensive consumer goods produced in China and sold around the globe; 
old people's homes for Europeans in Thailand.  There is, however, a division of 
labour emerging among the individual countries in developing Asia.  Cheap labor 
countries are investing in the production of low-value consumer goods (eg. clothes, 
shoes) while more industrialized countries are specializing on services, eg. tourism. 
THE ROLE OF ASIAN DEVELOPING ECONOMIES IN WORLD TRADE 
We use United Nations trade data in order to analyse the role Asian developing 
economies play in the world economy.  In the year 2004, overall, China and 
Indonesia had a very positive trade balance and also Thailand showed a small export 
surplus; Vietnam, the Philippines and even more so India had negative trade 
balances.   
The United Nations trade classification scheme offers a broad classification by 
economic categories (BEC) which categorizes trade data into large economic classes 
of commodities.  We use this scheme as a starting point because it easily allows us 
to separate primary from processed commodities and to identify 6 main commodity 
categories, namely food and beverages, industrial supplies, fuels and lubricants, 
capital goods, transport equipment, and consumer goods.  Table 10 compares the Socio-metabolic Transitions in Developing Asia 
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relative shares of primary and processed commodities in imports and exports in 
developing Asian economies for the year 2004. 
TABLE 10 ABOUT HERE 
A large share of export earnings in developing Asian economies was related 
to final commodities.  Developing Asian economies, different from other developing 
economies in for instance Latin America, do not supply the world market with primary 
resources or do so only to a minor degree.  By comparison, Venezuela gains 85% of 
all export incomes from primary resources, Chile 30% and even Brazil establishes 
20% of all export incomes from primary commodities.  
If we look at the main BEC categories, Asian developing countries show a 
number of similarities.  All of them export more food products than they import (only 
in China food imports and exports are equal).  Another common pattern is that most 
countries are net importers of industrial supplies and fuels.  They rely on world 
markets for delivering strategic resources such as metals and fossil fuels.  With 
respect to this, Indonesia is an exception showing higher exports of industrial 
supplies and fuels than imports.  Also Vietnam is a net exporter of fuels.  The trade 
balance of capital goods and transport equipment is balanced for most of the Asian 
developing countries and only India and Vietnam rely heavily on imported capital 
goods and transport equipment.  Finally, all countries have a large export surplus for 
consumption goods and deliver final commodities to world market.  These 
consumption commodities, as we have seen, are produced in labour intensive 
production processes absent of reasonable amounts of capital and energy supply.  
Therefore, returns to labour and household incomes remain comparably low which 
creates a competitive advantage for consumption goods produced in developing 
Asian economies with regard to their world market prices. H.Schandl, M. Fischer-Kowalski, C. Grunbuhel and F.Krausmann 
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At the same time, change in trade structures has been pronounced during the 
last decade.  If we take Thailand as an example, the volume of trade since 1988 has 
increased five fold; the trade balance that has been negative in 1988 became 
positive in 2004 and while in 1988 Thailand had to import most of its capital goods 
and transport equipment these items are now balanced or in surplus.  Most 
remarkable is the decrease in the relative importance of food exports. 
All other Asian developing economies show a similar speed in integrating into 
the world economy leading to fast growing trade flows.  The fact that Asian 
developing countries do not mainly deliver natural resources to others but create long 
value added chains is also reflected in the Physical Trade Balance (PTB) of these 
countries.  To take Thailand and the Philippines as examples, we see a positive PTB 
for most of the last two decades suggesting that theses two countries have been net 
importers of materials, very similar to a European or Japanese pattern.  Only 
Indonesia might be an exception because of its mineral fuels and mining activities 
resulting in a negative PTB. 
CAN WE AVOID THE UNAVOIDABLE? 
The transition path developing economies will take in the next 30-50 years will differ 
significantly depending on population density (Krausmann, Fischer-Kowalski et al., in 
print).  Low-population density developing countries will move further on their 
resource intensive path by specialising in raw material extraction and the export of 
natural resources achieving a low value density of exports compared to imports.  The 
extractive economies (Bunker, 1985; Bunker, 2006) will face severe problems of 
resource exhaustion, a lack of infrastructure up-built and social development in the 
agricultural and mining areas, high local environmental pressures related to 
extraction and high debt services.  Socio-metabolic Transitions in Developing Asia 
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High population density developing countries in Asia will move on the labour 
intensive path, will maintain a significant agricultural sector on top of which 
manufacturing and service sector activities will further develop.  Most of these 
activities are based on small capital inputs and have high costs in terms of the labour 
required, which is, however, cheap labour by international standards.  This will allow 
for a high value density of exports compared to imports and Asian developing 
economies will increasingly be importers of natural resources and exporters of 
embedded labour time.  The material standard of living of large parts of Asia’s 
population will further increase leading to consumption driven environmental 
problems.  Overall energy use will increase dramatically and if we assume a 
convergence scenario for world energy use by 2050, today’s 600 EJ of energy will by 
then have become 1,600 EJ half of it will be used in developing Asian economies 
(Fischer-Kowalski and Krausmann, 2007).
7 
The straightforward question is whether there will be enough environmental 
space available (resources, absorption capacity for waste and emissions) to 
accommodate world energy consumption almost three times as high as today within 
the next 40 years.  From this simple scenario it becomes obvious that a reduction in 
energy consumption in industrial countries of about 30% has little direct impact on 
world energy consumption and greenhouse emissions.  Most critical for the future of 
the global environment will be the performance of developing Asian economies.   
These countries already experience high regional and local environmental pressures 
and they weigh most for the global future because of their large populations and high 
density.  
                                                 
7    The assumption here is that today’s industrialized countries would decrease their current energy 
use by 30% and today’s industrializing countries would increase to arrive at an average energy use of 
Japan or the EU of today. H.Schandl, M. Fischer-Kowalski, C. Grunbuhel and F.Krausmann 
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If we assume a scenario of low energy prices within the next decades today’s 
industrial core’s energy consumption might still stabilize at its current high level due 
to saturation effects and efficiency gains.  Resource extraction and energy use in low 
population density economies (such as Latin America) will explode due to the 
unstoppable world demand for energy and other key industrial resources.  High 
population density developing countries might experience further labour intensive 
growth, rising incomes and increases in the standard of living accumulating to 
unprecedented pollution problems.  Such a scenario would have a high climate 
destabilization potential and would also lead to a rapid depletion of key resources.  
A scenario of high energy prices would drive a considerable reduction of 
energy and materials consumption in the industrial core and would result in low 
economic growth.  Low population density developing countries would enhance 
biomass based energy generation leading to increasing land use conflicts and 
impacts on food prices.  The exploitation of mineral resources would happen at a 
much slower pace and the countries would have moderate economic growth.  In 
developing Asia, high energy prices would lead to a critical scarcity of supply of 
energy and mineral resources inhibiting economic growth.  As a consequence, 
political conflicts, and migration would be enhanced.  The world would experience 
global political and military distribution conflicts. 
Both scenarios suggest dramatic and unpleasant consequences for the global 
environment and for humankind.  These consequences seem unavoidable due to the 
complexity of the problems, the interdependencies and feedbacks and the weakness 
and impossibility of governance given the vast problem the world society is 
confronted with.  The sustainability problems of today and tomorrow are inherently 
problems of the industrial socio-ecological regime and enhanced by the speed at Socio-metabolic Transitions in Developing Asia 
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which this regime becomes the dominant mode.  The industrial regime has created a 
strong positive feedback between energy and materials use, economic growth and 
wellbeing.  These feedbacks operate at the whole systems level but are reinforced at 
lower levels by the way in which large socio-technological systems to supply food, 
energy, water, mobility and transport and housing are organised.  The sustainability 
problems of today cannot be solved within the limits of the industrial socio-ecological 
regime.  It would require a regime transition into what we might call a sustainable 
socio-ecological regime absent a better notion.  What would a sustainable regime 
look like and how could systems innovation support a sustainability transition? 
Obviously, we can only sketch a few elements of this transition pathway.   
Starting with agricultural modernisation in developing Asian economies, the 
traditional way would not at all be helpful.  Rice production, at least in lowland areas, 
is already very productive and a further industrialization of agriculture would not so 
much raise yields further but would be capital intensive, would dramatically increase 
fossil fuel consumption and would displace high numbers of peasants that will not be 
easily absorbed by other economic sectors.  
It might be advisable to create incentives for the large agricultural population 
of developing Asia to remain in rural areas, to allow for education and an increased 
standard of living based on alternative sources of income.  For instance, rural 
communities could be engaged in decentralized energy production activities including 
solar, biomass, gas and wind to gain additional household incomes.  
Another pressing issue is the supply of enough good quality water to growing 
rural and urban populations.  While the industrial regime causes a step increase in 
water demand due to cooling, industrial and household water use, and for waste 
removal, today’s developing economies in Asia already face severe water shortages H.Schandl, M. Fischer-Kowalski, C. Grunbuhel and F.Krausmann 
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where the required all-year supply of enough, cool and clean water is not 
guaranteed.  A further increase in water demand is not possible at all.  This poses 
the need for fundamental technological systems innovations for improving the current 
situation and to avoid the inherent traps of the industrial regime.  As an example, 
household water supply systems, which are often particularly wasteful in industrial 
countries, would require attractive infrastructure innovations to avoid the waste of 
water as well as of nutrients, the pollution of rivers and coastal areas. 
In a more general sense, energy generation, mobility and transport as well as 
housing would require dramatic improvements.  The objective is to invent, design and 
create new industrial infrastructures that use less energy and are less dependent on 
a stable supply of energy, that use fewer materials and allow for higher flexibility and 
lower risks in the face of global environmental change and resource scarcity. This 
requires human intelligence, creativity and participation. 
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Per capita energy use, GJ/cap  40-70  150-400  3-5 
Per capita material use, t/cap   3-6  15-25  3-5 
Population density, cap/km²  <50  < 400  3-10 
Agricultural population, %  >80%  <10%  0.1 
Energy use per area, GJ/ha  <30  < 600  10-30 
Material use per area, t/ha  <2  < 50  10-30 
Share of biomass in energy 
use, % 
>95 10-30 0.1-0.3 
Based on Krausmann, Schandl, & Sieferle (2007) 
                                                 
8    Typical values for an advanced European agrarian socio-ecological regime. In agrarian societies 
based on labour intensive horticultural production with low significance of livestock, population density 
may be significantly higher, while per capita use of materials and energy is lower. 
9    Typical value for OECD economies. In economies with high population densities per capita values 
of DMC and DEC tend to be in the lower range, while per area values are high. In countries with low 
population densities per area values can be very low. H.Schandl, M. Fischer-Kowalski, C. Grunbuhel and F.Krausmann 
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Table 2.   Characteristics of the agrarian and the industrial socio-ecological regime 
 
 Agrarian  regime  Industrial  regime 
Resource base  Controlled solar energy 
system; tapping into 
renewable flows; biomass 
Fossil fuel based energy 
system; exploitation of 
finite mineral stocks; fossil 




infrastructures; land use is 
the key technology; limited 
availability of technologies 
for energy conversion 
Centralized 
infrastructures; industrial 
technologies; a wide 
range of energy 
conversion technologies 
Mobility and transport  Low mobility; transport of 
bulk materials is confined 
by high energy costs 
High mobility; long 
distance transport of mass 
materials 






Demography, time use  High fertility and mortality 
rates; high share of 
agricultural population; 




low share of agricultural 
population and high 




Soil erosion, declining soil 
fertility, infectious 
diseases, wildlife and 
habitat loss; Potentially 
sustainable 
Large scale pollution 
(water, air, land), alteration 
of atmospheric 
composition, resource 
depletion, biodiversity loss 
Growth  Distinct limits for growth; 
strong coupling of land, 
energy and labour 
(Temporary) abolishment 
of limits to physical 
growth; decoupling of 
land, energy and labour 
Source:  Fischer-Kowalski and Krausmann (2007) Socio-metabolic Transitions in Developing Asia 
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Table 3.   Shares of major sectors in GDP, percentages 
 Agriculture  Industry Services 
 1990  2005  1990  2005  1990  2005 
China 27.0  12.5  41.6 47.3 31.3  40.3 
India   31.3  19.0  27.6  27.4  41.1  53.6 
Indonesia 19.4 13.4  39.1 45.8 41.5  40.8 
Thailand   12.5  9.9  37.2 44.1 50.3  46.0 
Philippines   21.9  14.4  34.5  32.6  43.6  53.0 
Vietnam 38.7  20.9  22.7 41.0 38.6  38.1 
Laos 61.2  47.0  14.5  27.3  24.3  25.7 
Malaysia 15.2  8.7  42.2  49.9  44.2 48.5 
Taipei China  4.0  1.6  38.4  25.0  57.6  73.4 
OECD 3.3  1.9  30.8  24.5  65.9  73.6 
Source:  ADB (2007) 
Table 4.   Labour and employment by economic activity, percentages 
 Agriculture  Industry Services 
 1990  2005  1990  2005  1990  2005 
China 60  49  13 12 27  39 
India     56    19    25 
Indonesia 56  44  11  13  33  43 
Thailand   64  43  10  15  26  43 
Philippines   45  37  10  10  44  53 
Vietnam 72 57  9  13  19  30 
Laos   82    9   9 
OECD 6 4  29  25 60 69 
Source:  ADB (2007) 


























China  75.0 101.6  23.2  51.8 31% 
India    46.0 151.1  23.8  22.2 52% 
Indonesia  59.2 67.6 25.7  33.5 43% 
Thailand    95.6 118.7  31.8  63.8 33% 
Philippines    50.0 136.0  27.3  22.7 55% 
Vietnam  51.3 127.1  25.7  25.6 50% 
Laos 40.9  9.1  40.9     100% 
OECD  256.1 90.5  58.0  198.1 23% 
World  110.7  52.4 36.7  74.0 33% 
Sources:  FAO (2007), IEA (2006) H.Schandl, M. Fischer-Kowalski, C. Grunbuhel and F.Krausmann 
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China 51.8  39.9  10.4  5,403  9,340 
India   22.2  16.4  8.9  2,885  7,054 
Indonesia 33.5  30.1  10.9  3,316  7,078 
Thailand   63.8  63.3  6.4  7,435  13,052 
Philippines   22.7  28.2  3.1  4,241  11,028 
Vietnam 25.6  20.2 13.3  2,523  5,402 
Laos          
OECD 198.1  290.9  26.0  25,339  65,992 
World 74.0  79.9  13.3  8,231  17,745 
Sources: ADB (2007), IEA (2006) 
 






















China 17.0  4.0  2.2  1.3 92.1  19.6  2.3  3.1 
India   6.7  2.9  0.7  1.3 42.5  7.9  0.5  3.8 
Indonesia 12.6  3.0  1.1  1.2 59.1  12.6  2.3  3.5 
Thailand   24.3  5.0  3.8  1.2 76.3  14.9  3.4  5.8 
Philippines   12.9  5.0  1.0 2.5 47.2  15.5  2.2 4.3 
Vietnam 8.4  2.3 0.4  0.8 21.7  6.1  2.2  2.6 
Laos 1.0  0.7            
OECD 155.4  35.3             
World 42.7  9.5             
Sources:  ADB (2007), IEA (2006), ILO (2007) 
                                                 
10 Dollar values refer to international Dollars (PPP values) at 2000 prices throughout the whole study. Socio-metabolic Transitions in Developing Asia 
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China 1.1  1.3 44  2,143  0.6 
India   1.0  0.6  14  1,135  0.6 
Indonesia 1.3  0.5  13  2,001 0.7 
Laos   1.3  0.4  0  1,366  0.8 
Philippines   1.1  1.5  43  1,350  1.0 
Thailand 1.0  0.6  7  2,076  1.1 
Vietnam 0.4  0.5  55  2,104  0.7 
OECD 33.5  32.1 102 2,736  10.0 
World 5.0  12.2  53  1,765  1.3 
Source:  FAO (2007) 



















China 1.1  7.2 250  4,756  0.8 
India   0.7  9.4  103  2,294  0.9 
Indonesia 0.9  4.9  122  4,026 1.2 
Laos   0.9  1.2  7  3,006  1.2 
Philippines   1.0  2.0  130  2,581  1.4 
Thailand 1.0  13.9  98  2,719  1.5 
Vietnam 0.3  26.2  366  4,113  1.3 
OECD 72.8  41.3  115 4,835  40.8 
World 3.8  19.1  97  3,055  1.6 
Source:  FAO (2007) 
Table  10.  Composition of imports and exports in developing Asian economies in 
2004 
 Imports  Exports 
 primary  processed  primary  processed 
China   15%  85%  3%  97% 
India 38% 62% 11% 89% 
Indonesia  18% 82% 22% 78% 
Laos      
Philippines 10%  90%  4%  96% 
Thailand   17%  83%  8%  92% 
Vietnam  15% 85% 18% 82% 
Source: United Nations (2007) 